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(57) ABSTRACT

A semiconductor device may include a semiconductor ele-
ment 1mcluding a signal pad, an encapsulant encapsulating
the semiconductor element and a lead including a first end
located outside the encapsulant and a second end located

within the encapsulant. The lead may be connected to the
signal pad via a bonding wire within the encapsulant. The
lead may include an upper surface extending from the first
end to the second end. The upper surface may include a
joined section where the bonding wire 1s joined and a rough
section located within the encapsulant and having a higher
surface roughness than the joined section. The rough section
may be at least partly located lower than the joined section.

8 Claims, 4 Drawing Sheets
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1
SEMICONDUCTOR DEVICE

CROSS-REFERENC

L1

This application claims priority to Japanese Patent Appli-
cation No. 2017-211336, filed on Oct. 31, 2017, contents of
which are incorporated herein by reference.

TECHNICAL FIELD

The technology disclosed herein relates to a semiconduc-
tor device.

BACKGROUND

Japanese Patent Application Publication No. 2017-55044
describes a semiconductor device. This semiconductor
device includes a semiconductor element including a signal
pad, an encapsulant encapsulating the semiconductor ele-
ment, and a lead connected to the signal pad. The lead
includes a first end located outside the encapsulant and a
second end located within the encapsulant, and 1s connected
to the signal pad via a bonding wire within the encapsulant.
The lead includes an upper surface extending from the first
end to the second end, and the upper surface includes a
1oined section where the bonding wire 1s joined and a rough
section located within the encapsulant and having a higher
surface roughness than the joined section. According to such
a configuration, the rough section provided at the lead
enhances adhesion between the lead and the encapsulant.

SUMMARY

In a manufacturing process of the semiconductor device
above, the rough section 1s formed at the lead by laser
irradiation, and the bonding wire 1s then joined to the joined
section of the lead. In this respect, when the lead 1s 1irradiated
with the laser, minute debris (e.g., oxides) may scatter from
an 1rradiated area and contaminate the surface of the lead.
Such debris attaching to the joined section, in particular,
may cause insuilicient joint strength between the lead and
the bonding wire. The disclosure herein provides a technol-
ogy capable of solving or reducing such a problem.

The present teaching may provide a semiconductor
device. The semiconductor device may comprise a semicon-
ductor element comprising a signal pad, an encapsulant
encapsulating the semiconductor element and a lead com-
prising a lirst end located outside the encapsulant and a
second end located within the encapsulant. The lead may be
connected to the signal pad via a bonding wire within the
encapsulant. The lead may comprise an upper suriace
extending from the first end to the second end. The upper
surface may include a joined section where the bonding wire
1s joined and a rough section located within the encapsulant
and having a higher surface roughness than the joined
section. The rough section may be at least partly located
lower than the joined section. Specifically, when the semi-
conductor device 1s arranged such that a normal vector of the
jointed section 1s directed upwardly, the rough section 1s at
least partly located lower than a horizontal plane containing
the jointed section.

In the semiconductor device above, the lead 1s configured
such that the rough section 1s at least partly located lower
than the joined section. According to such a configuration, in
a manufacturing process of the semiconductor device, when
the rough section of the lead 1s formed by laser irradiation,
minute debris that scatters from an 1rradiated area (1.e., the
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rough section) 1s less likely to reach the joined section. Since
attachment of the debris to the joined section 1s reduced, a
problem such as msuflicient joint strength between the lead
and the bonding wire 1s solved or reduced.

The present teaching may also provide another semicon-
ductor device. The semiconductor device may comprise a
semiconductor element comprising a signal pad, an encap-
sulant encapsulating the semiconductor element and a lead
comprising a first end located outside the encapsulant and a
second end located within the encapsulant. The lead may be
connected to the signal pad via a bonding wire within the
encapsulant. The lead may comprise an upper suriace
extending from the first end to the second end. The upper
surface may include a joined section where the bonding wire
1s joined and a rough section located within the encapsulant
and having a higher surface roughness than the joined
section. The upper surface of the lead may further comprise
a hole or a groove located between the joined section and the
rough section.

In the semiconductor device above, the upper surface of
the lead 1s provided with the hole or the groove located
between the rough section and the joined section. When the
rough section of the lead 1s formed by laser irradiation,
debris that scatters from the rough section partly reaches the
joined section by moving along or bouncing off the upper
surface of the lead. Therefore, the provision of the hole or
the groove between the rough section and the joined section
can at least partly suppress such debris from reaching the
joined section. Since attachment of the debris to the jomned
section 1s reduced, the problem such as isuflicient joint
strength between the lead and the bonding wire 1s solved or
reduced.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a cross-sectional view schematically 1llustrating,
a configuration of a semiconductor device 2.

FIG. 2 1s a plan view schematically illustrating a part of
the configuration of the semiconductor device 2.

FIG. 3 illustrates a signal lead 30.

FIG. 4 1llustrates how a rough section S2 of the signal lead
30 1s wrradiated with a laser L.

FIG. 5 illustrates a signal lead 130 according to a variant.

FIG. 6 1llustrates how the rough section S2 of the signal
lead 130 1s wrradiated with the laser L.

FIG. 7 illustrates a signal lead 230 according to another
variant.

FIG. 8 1llustrates how the rough section S2 of the signal
lead 230 1s wrradiated with the laser L.

DETAILED DESCRIPTION

In an embodiment of the present technology, the rough
section may be entirely located lower than the joined sec-
tion. According to such a configuration, debris that scatters
from the rough section 1s much less likely to reach the joined
section, so attachment of the debris to the joined section 1s
further reduced.

In an embodiment of the present technology, the rough
section may be inclined upwardly toward the joined section.
In other words, when the semiconductor device 1s arranged
such that a normal vector of the joined section 1s directed
upwardly, the rough section may be inclined upwardly
toward the joined section. According to such a configuration,
much of the debris generated at the rough section scatters in
a direction apart from the joined section, so attachment of
the debris to the joined section 1s further reduced.
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In an embodiment of the present technology, the upper
surface of the lead may further include an intermediate

section located between the joined section and the rough
section. In this case, the intermediate section may be
inclined upwardly toward the joined section. According to
such a configuration, the jomed section and the rough
section can be located at different heights depending on an
inclination angle or a length of the intermediate section.

In an embodiment of the present technology, the upper
surface of the lead may turther include a hole or a groove
located between the joined section and the rough section.
According to such a configuration, as mentioned above, the
debris that 1s to reach the joined section by moving along or
bouncing ofl the upper surface of the lead can be reduced.

In an embodiment of the present technology, the rough
section may be located between the second end of the lead
and the jomed section. According to such a configuration,
adhesion between the lead and the encapsulant can be
enhanced at an end portion of the lead that has a high degree
of freedom, so peel-ofl between the lead and the encapsulant
can be prevented eflectively.

Representative, non-limiting examples of the present
invention will now be described in further detail waith
reference to the attached drawings. This detailed description
1s merely intended to teach a person of skill in the art further
details for practicing preferred aspects of the present teach-
ings and 1s not itended to limit the scope of the mvention.
Furthermore, each of the additional features and teachings
disclosed below may be utilized separately or in conjunction
with other features and teachings to provide improved
semiconductor devices, as well as methods for using and
manufacturing the same.

Moreover, combinations of features and steps disclosed in
the following detailed description may not be necessary to
practice the invention 1n the broadest sense, and are instead
taught merely to particularly describe representative
examples of the invention. Furthermore, various features of
the above-described and below-described representative
examples, as well as the various independent and dependent
claims, may be combined 1n ways that are not specifically
and explicitly enumerated 1n order to provide additional
useiul embodiments of the present teachings.

All features disclosed 1n the description and/or the claims
are intended to be disclosed separately and independently
from each other for the purpose of original written disclo-
sure, as well as for the purpose of restricting the claimed
subject matter, independent of the compositions of the
features 1n the embodiments and/or the claims. In addition,
all value ranges or indications of groups of entities are
intended to disclose every possible intermediate value or
intermediate entity for the purpose of original written dis-
closure, as well as for the purpose of restricting the claimed
subject matter.

EMBODIMENTS

With reference to the drawings, a semiconductor device 2
according to an embodiment will be described. The semi-
conductor device 2 according to the present embodiment can
be adopted 1n a converter or an 1verter 1, for example, an
clectric vehicle, although not particularly limited thereto.
The electric vehicle herein includes various types of vehicles
of which wheel 1s driven by a motor, such as a hybnd
vehicle, a 1fuel-cell vehicle, or a rechargeable electric
vehicle.

As 1llustrated 1n FIG. 1, the semiconductor device 2
includes a semiconductor element 10 and an encapsulant 20
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4

encapsulating the semiconductor element 10. The encapsu-
lant 20 1s constituted of an msulating material. The material
that constitutes the encapsulant 20 may be a thermosetting
resin material such as an epoxy resin, although not particu-
larly limited thereto. The semiconductor element 10 may be
a power semiconductor element such as a MOSFET (Metal-
Oxide-Semiconductor Field-Effect Transistor) or an IGBT
(Insulated Gate Bipolar Transistor), although not particu-
larly limited thereto. The semiconductor device 2 may
include a plurality of the semiconductor elements 10, and the
plurality of semiconductor elements 10 may be connected in
parallel or 1n series.

The semiconductor element 10 includes a semiconductor
substrate 12, first main electrodes 14, a second main elec-
trode 16, and a plurality of signal pads 18. The semicon-
ductor substrate 12 1s constituted of a semiconductor mate-
rial such as silicon (S1), silicon carbide (Si1C), or galllum
nitride (GaN). The semiconductor substrate 12 has an ele-
ment structure such as a MOSFET or an IGBT provided
therein. The first main electrode 14 1s provided on an upper
surface of the semiconductor substrate 12, and the second
main electrode 16 1s provided on a lower surface of the
semiconductor substrate 12. The first main electrode 14 and
the second main electrode 16 are connected to each other via
the element structure 1n the semiconductor substrate 12. A
material that constitutes the first main electrode 14 and the
second main electrode 16 may be metal such as aluminum
(Al), nickel (N1), or gold (Au), although not particularly
limited thereto.

The plurality of signal pads 18 i1s provided on the upper
surface of the semiconductor substrate 12. Each of the signal
pads 18 1s a small electrode that outputs a predetermined
signal and 1s constituted of a conductor. The plurality of
signal pads 18 includes a signal pad to which a drive signal
for the semiconductor device 2 1s inputted, a signal pad that
outputs a signal according to a temperature of the semicon-
ductor device 2, a signal pad that outputs a signal corre-
sponding to a current flowing 1n the semiconductor device 2,
and a signal pad that outputs a signal corresponding to a
voltage of the first main electrode 14, for example. It should
be noted that the number or a specific function of the signal
pads 18 can be modified variously. The material that con-
stitutes the first main electrode 14 and the second main
clectrode 16 may be metal such as, aluminum (Al) or copper
(Cu), although not particularly limited thereto.

The semiconductor device 2 further includes an upper
conductor plate 22, a conductor spacer 24, a lower conductor
plate 26, and signal leads 30. The upper conductor plate 22
1s joined to the first main electrode 14 of the semiconductor
clement 10 via the conductor spacer 24. The upper conduc-
tor plate 22 and the conductor spacer 24 are constituted of
metal such as copper, and the first main electrode 14 of the
semiconductor element 10 1s electrically connected to the
upper conductor plate 22. The upper conductor plate 22
constitutes a part of an electric circuit 1n the semiconductor
device 2. Moreover, the upper conductor plate 22 1s exposed
at an upper surtace of the encapsulant 20 and also functions
as a heat radiating plate that dissipates heat of the semicon-
ductor element 10 to an outside.

The lower conductor plate 26 1s joined to the second main
clectrode 16 of the semiconductor element 10. The lower
conductor plate 26 1s constituted of metal such as copper,
and the second main electrode 16 of the semiconductor
clement 10 1s electrically connected to the lower conductor
plate 26. The lower conductor plate 26 constitutes a part of
the electric circuit 1in the semiconductor device 2. Moreover,
the lower conductor plate 26 1s exposed at a lower surface
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of the encapsulant 20 and also functions as a heat radiating
plate that dissipates heat of the semiconductor element 10 to
the outside. In other words, the semiconductor device 2 in
the present embodiment includes a double-sided cooling
structure 1n which the heat radiating plates are exposed at
both of the surfaces of the encapsulant 20.

As 1llustrated 1n FIGS. 1, 2, and 3, each of the signal leads
30 includes a first end 30qa located outside the encapsulant 20
and a second end 3056 located within the encapsulant 20, and
1s connected to corresponding one of the signal pads 18 via
a bonding wire 28 within the encapsulant 20. Each of the
signal leads 30 1s a member constituted of a conductor and
can be constituted of metal such as copper. The plurality of
signal leads 30 1s connected to an external controller (not
illustrated) and transmits various signals between the con-
troller and the semiconductor element 10. A material that
constitutes the bonding wires 28 may be metal such as
aluminum (Al) or copper (Cu), although not particularly
limited thereto.

Each bonding wire 28 1s joined to an upper surface 32 of
corresponding one of the signal leads 30. In other words, 1n
the description of the present embodiment, “upwardly” and
“lower” are defined based on an orientation of the semicon-
ductor device 2 when a surface of the signal lead 30 where
the bonding wire 28 1s joined i1s the upper surface of the
signal lead 30. The upper surface 32 extending from the first
end 30a to the second end 3056 of the signal lead 30 includes
a joined section S1 where the bonding wire 28 1s joined and
a rough section S2 located within the encapsulant 20 and
having a higher surface roughness than the jomned section
S1. In the disclosure herein, a high surface roughness means
that at least an arithmetic mean roughness 1s high. The rough
section S2 of the signal lead 30 enhances adhesion between
the signal lead 30 and the encapsulant 20.

In a manufacturing process of the semiconductor device
2, the rough sections S2 are formed at the signal leads 30
respectively by laser irradiation, and the bonding wires 28
are then joined to the joined sections S1 of the signal leads
30. In this respect, as illustrated in FIG. 4, when the signal
lead 30 1s wrradiated with a laser L, minute debris D (e.g.,
oxides) may scatter from an 1rradiated area (i.e., the rough
section S2) and contaminate the surface of the signal lead
30. When the bonding wire 28 1s joined to the joined section
S1, such debris D attacmng to the jomned section S1, 1n
partlcular may cause insuilicient Jomt strength between the
signal lead 30 and the bonding wire 28.

In regard to the problem above, as illustrated 1n FIG. 3, the
signal lead 30 1n the present embodiment 1s bent between the
joined section S1 and the rough section S2, and the rough
section S2 1s entirely located lower than the joined section
S1. Specifically, when the semiconductor device 2 1s
arranged such that a normal vector N of the joined section
S1 1s directed upwardly, the rough section S2 i1s located
lower than a horizontal plane H that includes the joined
section S1. According to such a configuration, as illustrated
in FIG. 4, when the rough section S2 of the signal lead 30
1s 1rradiated with the laser L, the minute debris D that
scatters from the 1rradiated area (1.e., the rough section S2)
1s less likely to reach the joined section S1. Since attachment
of the debris D to the joined section S1 1s reduced, the
alorementioned problem of insuflicient joint strength
between the signal lead 30 and the bonding wire 28 1s solved
or at least partly reduced. The laser L’s 1rradiation can be
conducted toward the rough section S2 from above.

Additionally, 1n the signal lead 30 1n the present embodi-
ment, the rough section S2 1s inclined upwardly toward the
joined section S1. In other words, as illustrated 1n FIG. 3,
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6

when the semiconductor device 2 1s arranged such that the
normal vector N of the joined section S 1s directed upwardly
(1.e., upwardly 1 FIG. 3), the rough section S2 may be
inclined upwardly toward the joined section S1. According
to such a configuration, much of the debris D generated in
the rough section S2 scatters in a direction apart from the

joined section S1, so the attachment of the debris D to the
joied section S1 1s further reduced.

As mentioned above, 1n the signal lead 30 1n the present
embodiment, the rough section S2 1s entirely located lower
than the joined section S1. However, as another embodi-
ment, only a part of the rough section S2 may be located
lower than the joined section S1. Such a configuration can
also bring the eflect of reducing the attachment of the debris
D to the jomned section S1, although 1n a limited way.
Especially in the case where the rough section S2 1s inclined
upwardly toward the joined section S1, the attachment of the
debris D to the joined section S1 may be reduced suthiciently,
even 1f the rough section S2 1s partly located higher than the
jomed section S1.

With reference to FIGS. 5 and 6, a signal lead 130
according to a variant will be described. It should be noted
that configurations same as those of the signal lead 30
mentioned above will be denoted with the same signs and
their descriptions will not be repeated here. As 1llustrated 1n
FIG. S, 1n this signal lead 130, the upper surtace 32 of the
signal lead 130 further includes an intermediate section S3
located between the joined section S1 and the rough section
S2. The intermediate section S3 1s inclined upwardly toward
the joined section S1. According to such a configuration, the
joined section S1 and the rough section S2 can be located at
different heights according to an inclination angle or a length
of the intermediate section S3. Thereby, as 1llustrated in FIG.
6, when the rough section S2 of the signal lead 130 1s
irradiated with the laser L, the minute debris D that scatters
from the 1rradiated area (i.e., the rough section S2) is less
likely to reach the joined section S1. The rough section S2
may be inclined as in the signal lead 30 illustrated 1n FIGS.
3 and 4, or may not be inclined as such.

With reference to FIGS. 7 and 8, a signal lead 230
according to another variant will be described. It should be
noted that configurations same as those of the signal lead 30
mentioned above will be denoted with the same signs and
their descriptions will not be repeated here. As illustrated in
FIG. 7, 1n this signal lead 230, the upper surface 32 of the
signal lead 230 further includes a hole 34 located between
the joined section S1 and the rough section S2. According to
such a configuration, as illustrated 1n FIG. 8, when the rough
section S2 of the signal lead 230 1s 1rradiated with the laser
L, a part of the debris D that scatters from the rough section
82 i1s suppressed from reaching the joined section S1 by
moving along or bouncing ofl the upper surface 32 of the
signal lead 230. The attachment of the debris D to the joined
section S1 1s thereby reduced. The upper surface 32 of the
signal lead 230 may be provided with a groove instead of the
hole 34. Moreover, the hole 34 or the groove 1n the signal
lead 230 1llustrated 1n FIGS. 7 and 8 may also be provided
in the signal lead 30 illustrated in FIGS. 1 to 4 and in the
signal lead 130 1llustrated 1n FIGS. 5 and 6.

In the signal leads 30, 130, and 230 mentioned above, the
rough section S2 may be located between the second end
306 of the signal leads 30, 130 and 230 and the joined
section S1. According to such a configuration, adhesion
between the encapsulant 20 and the signal leads 30, 130, and
230 1s enhanced at end portions of the signal leads 30, 130,
and 230 which have a high degree of freedom, so peel-off
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between the encapsulant 20 and the signal leads 30, 130, and
230 can be prevented eflectively.

What 1s claimed 1s:

1. A semiconductor device comprising:

a semiconductor element comprising a signal pad;

an encapsulant encapsulating the semiconductor element;

and

a lead comprising a first end located outside the encap-

sulant and a second end located within the encapsulant,
the lead being connected to the signal pad via a bonding
wire within the encapsulant,

wherein

the lead comprises an upper surface extending between
the first end and the second end along a longitudinal
axis of the lead and a lower surface extending
between the first end and the second end along the
longitudinal axis of the lead, the upper surface and
the lower surface being located on opposite sides of
the lead,
the upper surface comprises a joined section where the
bonding wire 1s joimned and a rough section located
within the encapsulant and having a higher surface
roughness than the joined section, and
the rough section 1s at least partly located lower than
the joined section.

2. The semiconductor device according to claim 1,
wherein the rough section 1s entirely located lower than the
joined section.

3. The semiconductor device according to claim 1,
wherein the rough section 1s 1inclined upwardly toward the
joined section along the longitudinal axis of the lead.

4. The semiconductor device according to claim 1,
wherein the upper surface of the lead further comprises an
intermediate section located between the joined section and
the rough section, the intermediate section being inclined
upwardly toward the joined section and having a lower
surface roughness than the rough section.

10

15

20

25

30

35

8

5. The semiconductor device according to claim 1,
wherein the upper surface of the lead further comprises a
hole or a groove located between the joined section and the
rough section.

6. The semiconductor device according to claim 1,
wherein the rough section 1s located between the second end
of the lead and the joined section.

7. A semiconductor device comprising;

a semiconductor element comprising a signal pad;

an encapsulant encapsulating the semiconductor element;
and
a lead comprising a first end located outside the encap-
sulant and a second end located within the encapsulant,
the lead being connected to the signal pad via a bonding
wire within the encapsulant,
wherein
the lead comprises an upper surface extending between
the first end and the second end along a longitudinal
axis ol the lead and a lower surface extending
between the first end and the second end along the
longitudinal axis of the lead, the upper surface and
the lower surface being located on opposite sides of
the lead,
the upper surface comprises a joined section where the
bonding wire 1s joined, and a rough section located
within the encapsulant and having a higher surface
roughness than the joined section, and
the upper surface of the lead further comprises a
through hole located between the joined section and
the rough section, the through hole extending
through the lead from the upper surface to the lower
surface.
8. The semiconductor device according to claim 7,
wherein the rough section 1s located between the second end
of the lead and the joined section.
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